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Abstract 
In high temperature superconductors, local and excessive temperature rise occurs after normal transition because normal zone 
propagation velocities are slow at high operation temperature and then the superconductors may be degraded or burned. Therefore, 
it is essential to detect the temperature rise in high temperature superconducting coils and protect them as soon as possible. The 
authors have presented a detection method based on time-frequency visualization of AE signals. In this paper, the authors discuss 
detection and frequency analysis of AE signals accompanying with epoxy cracks caused by thermal expansion in an HTS coil by 
using the method. 
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1. Introduction 
High temperature superconducting (HTS) coils have been developed for power system applications. They can be 
used at high operation temperature such as liquid nitrogen (LN2) temperature and therefore they are thermally more 
stable than low temperature superconducting (LTS) coils. However, in high temperature superconductors, local and 
excessive temperature rise occurs after normal transition because the normal zone propagation velocities are slow at 
high operation temperature and then the superconductors may be degraded or burned. Therefore, it is essential to 
detect the temperature rise in HTS coils and protect them as soon as possible [1]. The temperature rise is detected by 
voltage taps and thermocouples, however they need soldering to be attached on the superconductors and the soldering 
makes the electric insulation of the superconducting windings degraded. This is especially a serious problem for AC 
superconducting coils. The authors have presented a detection method based on time-frequency visualization of AE 
(Acoustic Emission) signals [2]. In this method the temperature rise is detected with non electric contact. In this paper, 
the authors discuss detection and frequency analysis of AE signals accompanying with epoxy cracks caused by the 
thermal expansion when AC current is supplied to an HTS coil by using the method. 
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2. Experimental setup 
2.1. Wavelet transform 
The authors have presented the time-frequency visualization of AE signals by a wavelet transform [2]. The wavelet 
transform of a function f(t) is shown as a following equation: 
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where a is a scale parameter, b is a translation parameter and ȥ(t) is a mother wavelet. The scale parameter is defined 
as a following equation: 
a = 1 / 2ʌf   (f : frequency).                  (2) 
In this paper, Gabor mother wavelet shown as a following equation is used as the mother wavelet ȥ(t). 
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which is weighted with 1/a as shown in Eq. (1). The wavelet transform is performed from 20 to 200 kHz with 
difference of 20 kHz [2,3] . 
2.2. Experimental circuit 
In order to verify usefulness of the proposed method for epoxy cracks and AC operation, detection tests of the 
temperature rise were carried out. Fig. 1 and Table. 1 show respectively configuration and specifications of a test 
sample Bi2Sr2Ca2Cu3Ox (Bi2223) coil. Bi2223 winding is fixed on a cylindrical stainless steel bobbin. Its winding is 
locally damaged at the first turn in order to induce a local temperature rise. Length of the damaged position and its 
critical current (IC) are 8 mm and 11 A, respectively. The sample coil is impregnated with epoxy resin. An AE sensor 
(AE-901DL-(A), NF Corporation) is installed on a top of the bobbin by four screws. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Configuration of a Bi2223 coil. 
Table 1. Specifications of a Bi2223 coil 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bi2223 winding 
Width : 4.2 mm 
Thickness : 0.22 mm 
Length : 770 mm 
Number of turns : 5.5 
Damaged position : at the first turn 
(Length : 8 mm, IC : 11 A) 
Stainless steel bobbin 
Outer diameter : 40 mm 
Inner diameter : 20 mm 
Height : 40 mm 
Voltage taps 
Screws AE sensor 
Stainless steel bobbin 
Bi2223 winding 
Damaged position 
Thermocouple 
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Fig. 2. Configuration of an experimental circuit. 
Fig. 2 shows configuration of an experimental circuit. A digital oscilloscope measures current, voltage, 
temperature and AE signals. The sample coil is cooled in LN2 at 77 K, and a power source supplies the coil with AC 
current (60Hz) which is larger than IC of the damaged position in order to induce the local temperature rise. It is drawn 
from LN2 for simulation of a cryocooler cooling before the current is supplied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                            (b)                                                            (c) 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
(d)                                                                             (e) 
Fig. 3. Experimental results : (a) Current, (b) Voltage, (c) Temperature, (d) AE signals and (e) dynamic spectrum of AE signals. 
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3. Experimental results 
Fig. 3 shows experimental results. Figs. 3a and 3b show respectively waveforms of the current and voltage. A 
superconducting-to-normal transition generates when the current flows more than IC of the damaged position. It is 
found that voltage increases because of the temperature rise shown in Fig. 3c. Fig. 3d shows that AE signals are 
detected. In addition, comparing Fig. 3c with 3d, it is found that the temperature rise and the AE signals generated 
nearly at the same time. Therefore, it is supposed that AE signals accompanying with epoxy cracks caused by the 
thermal expansion were detected. Fig. 3e shows dynamic spectrum of AE signals shown in Fig. 3d. It is found that 
frequency band of the AE signals is 120 - 160 kHz. This frequency band is different from that of AE signals with the 
thermal expansion between Bi2223 winding and GFRP (Glass Fiber Reinforced Plastics) bobbin (10 - 30 kHz) [3]. 
This result shows frequency analysis of the AE signals may be able to identify the cause of the AE signals occurrence 
[4,5]. 
4. Conclusions 
This paper presented the detection and the frequency analysis of AE signals accompanying with epoxy cracks 
caused by thermal expansion when AC is applied to an HTS coil by using a method based on time-frequency 
visualization. Experimental results showed usefulness of the method for epoxy cracks and AC operation. Moreover, it 
was shown that the cause of the AE signals occurrence might be identified by the frequency analysis of them. 
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